Injury to rat hearts produced by an exogenous free radical generating system. Study into the role of arachidonic acid and eicosanoids.
This study was designed to evaluate the effect of an exogenous free radical generating system consisting of purine plus xanthine oxidase on the isolated rat heart and in particular to assess the possible contribution of arachidonic acid or its metabolites to toxicity produced by this drug combination. Purine plus xanthine oxidase produced a time-dependent depression in cardiac contractility which was associated with stimulated release of lactate dehydrogenase (LDH). Electron microscopic analysis revealed a distinct separation of the glycocalyx from the sarcolemmal membrane with no apparent intracellular defects. Purine plus xanthine oxidase was a potent stimulus for 6-keto-prostaglandin F1 alpha (6K-PGF1 alpha) synthesis but leukotriene production was undetectable under any condition. Eicosatetraynoic acid, which totally prevents the metabolism of arachidonic acid, accelerated the loss in force and increased LDH release invoked by purine plus xanthine oxidase, but produced no noticeable change in sarcolemmal ultrastructure. Cyclooxygenase inhibitors produced little influence although pretreatment with either acetylsalicylic acid or ibuprofen decreased contractility toward the end of purine plus xanthine oxidase perfusion. Nordihydroguarietic acid, a purported inhibitor of 5'-lipoxygenase accelerated the loss in force produced by purine plus xanthine oxidase. The nordihydroguarietic acid effects were associated with reduced 6K-PGF1 alpha efflux but LDH release was unaffected. We also examined whether modification of arachidonic acid release through changes in calcium concentration was associated with altered response to purine plus xanthine oxidase. Lowering the calcium concentration to 0.41 mM (from 1.25 mM control) reduced markedly 6K-PGF1 alpha, efflux as well as LDH release. Although the latter is suggestive of protection, hypocalcemic perfusion resulted in a greater loss in force due to free radical generation. Furthermore, cells from these hearts exhibited a greater degree of glycocalyx separation. Increasing the calcium concentration to 2.50 mM produced no further toxic manifestations in the response to purine plus xanthine oxidase, although the release of 6K-PGF1 alpha was increased. Our results suggest complex toxicity induced by an exogenously generated free radical system. The injury produced by this method is restricted to sarcolemmal changes, the latter being dependent on the external calcium concentration. The study further suggests that accumulation of intracellular unesterified arachidonic acid, which may result from peroxidation of membrane lipids, increases tissue injury caused by exogenous free radicals.